Elderly workers in developing countries face certain frictions, such as credit constraints, in their retirement decisions that may not be as common among their counterparts in the developed world, and these concerns may lead workers to work more or less than their preferred number of years. In this study, I firstly use regression discontinuity methods to show that a large fraction of urban male heads of households in Brazil (roughly 45%) react contemporaneously to pension eligibility by retiring. Because retirement is not required to receive the pension and because the return to working does not change discontinuously at the eligibility cuto↵, workers should not react contemporaneously unless optimization frictions, such as credit constraints, are at work. Secondly, I develop a model of retirement decisions that explores how pensions in the face of credit constraints can influence such decisions, and I discuss applications of this model to determine how the observed behavior in conjunction with the model can be used to make inferences about welfare and labor supply decisions in the face of di↵erent pension values.
Introduction
Countries around the world are in the midst of, or just emerging from, social security reform as they face aging populations. In East Asia, China recently has dropped its famous one-child policy, in part to hopefully increase the ratio of working to retired individuals in order to help pay for its social security system, and South Korea has increased its minimum retirement age (SSA (2016) ). In Latin America, Ecuador has recently passed legislation to cut direct government costs of social security, and in Chile, a recent report on the state of social security has shown that while progress has been made due to reforms within the last decade, more progress is still necessary for a more stable system (SSA (2015a), SSA (2015b) ). In part, these reforms have been suggested in order to address the solvency of various retirement systems which are feared to be facing a steep elderly burden in coming years; however reforms have also pointed to a need to increase coverage and reduce old-age poverty.
Retirement incentives in the developing world demand examination for a number of reasons, and among these, I identify two that are of particular importance. First, compared to the number of studies done on developed countries, the number of studies examining financial incentives for retirement in emerging economies are relatively rare. We may expect reactions to be di↵erent, or at least more pronounced among individuals who would otherwise optimize consumption and labor according to a dynamic optimization process if such optimization is less likely in the context of an emerging economy. In particular, issues in developing countries may complicate the interaction between retirement benefits, such as pensions, and labor supply. Second, as many countries are facing situations in which they would like to keep elderly workers in the labor market, it is important to obtain some kind of idea of how much an additional year of working is worth to elderly workers. Such an estimate could be used to evaluate the welfare costs of policies such as a minimum retirement age.
In this paper, I examine labor supply reactions to retirement eligibility and the welfare cost of labor in the context of Brazil. Brazil is home to one of the world's largest and most generous social security systems, with around 28 million beneficiaries in 2010. In spite of the generosity of its social security system, Brazil's elderly labor force su↵ers from a number of frictions that could prevent them from proper optimization, and chief among them, a lack of access to credit enabling workers to e↵ectively treat future anticipated income as part of their current budget constraint. Additionally, the size and generosity of the social security program has caused problems: disbursements in 2010 reached US$153 million, accounting for 6.9% of GDP (da Silva (2012) ). Calls for reform include reductions in benefits and a minimum retirement age, however little is known about the welfare e↵ects of the institution of these policy changes.
I find firstly that workers react contemporaneously to anticipated changes in income; upon receiving an old-age pension at the age 65, urban male household heads are over 40% more likely to leave the labor force. Secondly, I develop a novel dynamic model of optimal retirement and consumption. This model indicates that the response I find is generated not by borrowing constraints alone, but also by the excessive generosity of the pension: in short, borrowing constraints are a necessary, but not a su cient condition to generate the observed reaction. Finally, I explore brief applications of my model first to the calculation of welfare and second to the estimation of the distribution of labor supply among elderly workers.
Prior Studies of Financial Incentives for Retirement
The majority of the existing literature has concluded that financial incentives themselves do matter in determining retirement. Stock and Wise (1990) set the stage in terms of modeling, showing that incorporating dynamic optimizing behavior into estimation can still result in substantial e↵ects of social security retirement incentives at certain ages. Gustman and Steinmeier (1994) further show that retirement can be a↵ected by the availability of Medicare, something further addressed in Rust and Phelan (1997) . Belloni (2008) notes that a new generation of retirement studies have relaxed former assumptions and have utilized more up-to-date statistical techniques to estimate retirement e↵ects. For instance, French (2005) relaxes the assumptions of certainty and perfect credit markets. Most of these studies focus on aspects of the United States' retirement system, however Gruber and Wise (1999) make a (seminal) foray into exploring international retirement incentives, also finding large disincentives to work in the countries such as Denmark and Japan.
Studies of Financial Incentives for Retirement in the Developing World
The evidence that financial incentives in the developing world matter is noticeably less copious, however it seems to indicate that they do. Studies examining retirement incentives around the world are far less common than those examining retirement incentives in the United States and Western Europe; there is no corresponding collection of studies rivaling Gruber and Wise (1999) focusing on the developing world. However, there are a few relatively isolated studies that examine incentives for labor force withdrawal among elderly workers. Ranchhod (2006) examines the famous South African Old Age Pension, finding labor force withdrawal among eligible workers; however, the author is unable to determine if the withdrawal is due to a pure "income" e↵ect. 1 de Carvalho Filho (2008) studies the extension of pension benefits to rural workers in Brazil, finding sizable, negative estimates on labor supply: access to old age pension benefits are estimated to reduce the chance of not working by roughly 38 percentage points and total hours worked by over 22 hours per week.
Where my study fits in
The literature seems to be clear that financial incentives matter; however, it does not seem to be conclusive on how (or why). Certainly decision-makers in developing households face concerns that their developed counter-parts do not face, and credit/borrowing constraints are chief among these.
In spite of the fact that de Carvalho Filho (2008) examines part of the same program I study, I maintain that the studies most related to mine are Kahn (1988) and Ranchhod (2006) . The distinction is that these two studies examine the e↵ects of anticipated pension benefits on labor supply, whereas de Carvalho Filho (2008) studies a legal change that suddenly made a large fraction of rural workers eligible for benefits. In the context of dynamic optimizing behavior, expected future financial incentives to retire can and usually do have di↵erent e↵ects than those that are unexpected.
My paper contributes to the literature on pensions and social support in developing countries in three main ways. Firstly, while my study focuses on an expected pension, and in this way examines
1
In this paper, I use the term "income e↵ect" somewhat loosely to refer to changes in economic behavior induced by an increase in income that is either anticipated or unanticipated. While it should not typically be expected that anticipated income changes have a contemporaneous e↵ect, this is exactly the type of behavior I study in this paper.
the "long run" e↵ect of pensions on labor supply, as do Ranchhod (2006) and Kahn (1988) , I am able to identify a response within only a months of eligibility; prior studies find that individuals tend to retire at some point within the age of eligibility, lending credence to the possibility that social norms are at work; a contemporaneous response at the monthly level would seem to indicate otherwise. Secondly, I seek to quantify the welfare e↵ects credit constraints and pension generosity have on workers with the use of a model. To my knowledge, no other paper examines pension generosity in conjunction with credit constraints to determine how changes in either credit constraints or pension generosity can change societal welfare. My results can thus inform policy makers concerned with incentivizing (or dis-incentivizing) labor force participation among the elderly. As such, I describe some brief applications taking into account the implications of my model.
The Brazilian Old Age Pension Program
The central source of variation in anticipated income I explore in this paper results from a publicly funded old age pension policy that has been in place for several decades. The program relies on an age cuto↵, which provides the plausibly exogenous variation in anticipated income given that I have data on each respondent's birthday (and hence, his date of eligibility). I use this variation to estimate the labor supply response to the reception of this anticipated income.
I begin this section by describing the policy that I am studying and its associated rules. In Brazil, there are currently two major routes to receiving a public pension, and so strictly speaking, the policy I study is actually one of two eligibility arms. The first is via length of contribution to the social security system, under the aposentadoria por tempo de contribuiçao ("retirement by length of contribution"). This first arm stipulates that upon contributing to the social security system (usually by holding a formal sector job) for 35/30 years for males/females, workers are eligible to receive a function based on their past earnings, which I will describe below. The other route, which is the focus of this paper, is via age, under the aposentadoria por idade ("retirement by age") program, which stipulates that upon turning 65, males who have contributed to the public social security system for 15 years and who live in urban areas are eligible to receive a pension. Females who satisfy the contribution requirement of 15 years and live in urban areas are eligible to receive the pension at age 60. Rural male and female workers are eligible to receive the pension five years before the urban counterparts, at age 60/55 for males/females. Importantly, retirement is not required to receive these benefits. Individuals can continue to work and receive the benefits.
Incentives to Retire
These are defined benefit pensions; however, the calculation of benefits under the aposentadoria por idade is not unfortunately not straightforward and requires some careful explanation. There are two main time periods during which pension benefits were calculated in di↵erent ways. In many ways, the di↵erences in the calculation of benefits over these periods revolve around an important pension reform during 1998-1999 that mostly a↵ected the "time of contribution" pension, however did have some implications for the "retirement by age" program that I study. These pensions are subject to income taxation in that they are considered income; however, they are not subject to additional taxation by virtue of being benefits. Soares (2010) provides a thorough explanation of the system, I referred to his paper in the writing of this section.
Pre Reform (Pre-1999)
During the first period, before 1999, pension benefits (B) were calculated using a relatively straightforward formula. Pension benefits were paid out according to the formula
Where B represents the pension benefit, BWpre1999 represents the 'benefit wage', or the average of the 36 monthly earnings just before application for the pension, and j represents the number of years of contribution. The total benefit payout was capped at 100% of the benefit wage, so that men/women reaching age 65/60 with at least 30/25 years of contributions would have an incentive to delay retirement only so far as their wages were increasing and thus increasing the average toward the end of their working life. For those reaching age 65/60 with less than 30/25 years of contributions, benefits would continue to accrue with additional years of contributions. Because 15 years of contribution were required at age 65/60, the benefit pays out a minimum of 85% of the benefit wage. Additional years of contribution were included on top of this fraction -for instance, an urban male worker retiring at age 65 (as soon as he was eligible) who had a contribution history of 19 years would have received 89% of the benefit wage. Note further that while retirement was not required, if an individual works additional years after claiming the benefit, the benefit would not continue to increase with additional years of contribution. That is to say, every year an individual waits to claim the benefit while still remaining in the labor force and contributing, the benefit upon claiming increases by at least 1%, and benefits stop accruing upon retirement.
Post Reform (1999-Present))
Since 1999, there have actually been two formulas used to calculate potential pension benefits. For the most part, the first formula is used; however, the second formula can be used under certain conditions. The first formula is
Where B represents the pension benefit, BW again represents the 'benefit wage' and j represents the number of years of contribution. This new benefit wage is calculated using the average of the top 80% of monthly contributions. The benefit paid out according to this formula is 70% of the benefit wage with an additional 1% added for every year of contribution up to a maximum of 100% of the benefit wage, which is similar to the pre-1999 formula. Again, this formula yields a minimum of 85% of the benefit wage for anyone meeting the criteria for the old age pension.
The second formula is
Where B represents the pension benefit, BW represents the 'benefit wage' and FP represents an adjustment factor called the fator previdenciario. As in formula (1), the benefit wage is calculated using the average of the top 80% of monthly contributions. The fator previdenciario serves to adjust the benefit wage for demographic trends, age, and length of contribution. Upon eligibility for the old age pension, this second formula is used only if the fator previdenciario is greater than one. Generally speaking, this amounts to the fator being used "advantageously," i.e. only if it results in a larger calculated benefit than the first formula. The fator (FP) is released in table form every year based on population estimates of the previous year. It is calculated according to the formula
where tc indicates time of contribution, tax is the social security tax on labor income set at a constant 31%, age is the age of the beneficiary upon retirement, and L is the remaining life expectancy of the beneficiary, conditional on age. The following table shows the benefits one can expect to receive as a fraction of the benefit wage upon retiring at a given age and contribution period if one were to consider retirement in 2013, the last year of my data. Values over one indicate the use of the fator in the calculation of benefits.
When the fator was first introduced, the law allowed for a 5 year (60 month) transitional period; thus for the years 2000-2004, a weighted average of the fator was used, given by the following formula:
where t represents the number of months that had passed since November 1999 at the time of application.
Under both ways of calculating pension benefits, the benefit wage BW is bounded above and below, meaning there's an e↵ective upper bound on the pension benefit -Workers who have earnings profiles that are below this bound will experience high replacement rates, whereas workers who have earnings profiles that are above (or lie at least partially above) may not have such high replacement rates. I explore the implications of this policy in a later section of my paper.
Are Binding Credit Constraints Necessary to Explain the Behavior?
The pension stops accruing upon claiming, and does not increase in value after claimed. Given that it is in all conceivable cases rational to claim the pension as soon as one becomes eligible (as the accrual rates from working an additional year are far too low to compensate a worker with an average conditional life expectancy for a year's worth of eligible pension), this changes the rate of total compensation around the point of eligibility. In a standard model of labor supply, if workers were reacting by substituting away from this change in their e↵ective wage and credit constraints were not at work, this would imply a participation of elasticity of over 22, which is by any measure implausibly large. I thus maintain that even in the face of the slight "kink" in the budget constraint at the age of eligibility, credit constraints are the most plausible candidate explanation.
In other words, suppose binding credit constraints are not present, and agents can smooth pension income over the course of their lifetime, borrowing against the pension benefit. If workers pick the age at which they will retire first and then make the decision of when to claim accordingly, it would be highly curious that all workers decided to pick an optimal retirement age that was the same down to the monthly level. Estimates of behavioral responses, even if they are on the margin of the amount of labor supplied, do not represent estimates of labor supply but rather of the "consumption" value of labor -how much employment would shift if individuals experienced a change in their non-labor income.
Data
My data comes from a widely-known, publicly available annual household labor force survey called the Pesquisa Nacional por Amostra de Domicílios (PNAD). Analogous in some ways, though not entirely, to the U.S. Current Population Survey, the survey provides a snapshot into the economic conditions of over 100,000 households on a yearly basis. Importantly, the survey provides a great deal of demographic information (most important of which is the birthday of the respondent) and household conditions such as income. I use the available survey years from 2001-2013, omitting one year of survey data (2010) during which the PNAD was not carried out. I focus on urban male heads of households in my analysis; I therefore only use variation around the cuto↵ of age 65 (for males).
I make several important restrictions to the PNAD samples for my analysis. Firstly, I exclude households with a per-capita income of less than 25% of the annual minimum wage, due to an overlap with a social assistance program intended to help the extreme poor which I will discuss in more detail in the section below. Secondly, for most of my analysis, I consider observations within 5 years of the date of pension eligibility. Thirdly, and finally, I exclude observations within 1 month post-eligibility, to allow for households to being receiving funds. My final sample includes 76,255 household heads from 16 cross-sections. Table 1 shows a summary of the main sample I use for my analysis. Most of the household heads under consideration do not live alone -the average number of household members is 3.25. As I focus on geographically urban areas which include most major cities, my sample is not particularly low-income, either -the average head's monthly household income is a little more than R$1,400 (roughly $1300 in 2000). Slightly more than half of the heads in my sample are in the labor force or working, while their spouses participate in the labor market to a much lower extent. The majority of heads also have a secondary education or less. Unfortunately, not all respondents who answered the three main questions of interest (receipt of government pension, employment activities, and labor force participation) answered other questions pertaining to household status. Non-response rates for household income were relatively low; however education non-response rates were relatively high.
Estimation and Results of Labor Supply Response 4.1 Validity of the Discontinuity
In order for a discontinuity to be usable as an identifier of a causal e↵ect, certain assumptions must be made. These assumptions usually include (1) no manipulation of the running variable and (2) exogeneity of the cuto↵ value, and in fuzzy designs. This section addresses whether these assumptions are reasonable in the context of the policy I study.
The first assumption of no manipulation of the running variable in the context of the pension discontinuity is more than reasonable. Since actual age is not manipulable, the main concern would be with reported age; however, because the agency that conducts the annual PNAD (IBGE) does not keep track of or distribute pension funds, there is virtually no incentive to report di↵erent age values other than one's true value. The second assumption of the exogeneity of the cuto↵ is more concerning, since age 65 is an age at which we would expect some overlapping retirement policies in place. Indeed, there is another program that has an age cuto↵ of 65 -the Benefício de Prestação Continuada (BPA) program provides non-contributionary social assistance to the disabled and those over age 65 in households with a per-capita income of less than 25% of the minimum wage. The program provides a monthly payment of one monthly minimum wage to eligible individuals, and the eligibility of participants is periodically reviewed (Queiroz and Figoli (2010) ). To address the concern that benefits paid out from this program might confound my results, I restrict my sample to those with monthly household income above 25% of the minimum wage in the given year. Note that this fraction of observations (as a fraction of the entire relevant sample) is a little over 5%, so accounting for the program does not substantially reduce the sample size. Aside from the BPA program, to my knowledge there are no other social assistance programs (or government programs in general) that use the age of 65 as a cuto↵.
Estimation Strategy
My estimation of the e↵ect of the pension on labor supply variables is based on a regression discontinuity design (RDD) in the vein of Hahn et al. (2001) that makes identification and estimation straightforward. As aforementioned, conditional on contribution time, all male workers in Brazil are eligible for the aposentadoria por idade pension benefit. Using this eligibility cuto↵, I estimate "sharp" RD's in both the receipt of the pension and labor supply, and then proceed to estimate a "fuzzy" RD to determine the causal e↵ect of pension receipt on labor supply. For robustness, I estimate models using both linear and quadratic polynomials on either side of the age cuto↵ for various bandwidths (the results of which are available in the appendix). The model I estimate is described by the following:
where y i indicates the outcome for a household head, age i indicates the age in months of the household head i, and f (age i 65) indicates a polynomial of the running variable, which is the age in months of the respondent at the time of survey less the age in months at which the respondent will turn age 65. 2 represents the RD estimate. The specification for the "fuzzy" RD estimate is identical, with the caveat that an additional OLS regression (for which I also include no additional fixed e↵ects or regressors) provides the two stage least squares estimates. The OLS estimate is numerically equivalent to estimating two sharp RD estimates (one of the outcome and one of the instrumented variable) and taking their ratio. Because the RDD does not rely on fixed e↵ects or covariates for proper estimation, I omit these for simplicity (Lee and Lemieux (2010) ).
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Note here that actually take advantage of the day of eligibility. To compute "months from eligibility," I take groups of 30 days on either side of the cuto↵, so that the "months" I refer to here are not calendar months but rather groups of 30 days. Tables 2, 3 , and 4 show the main results. Table 2 shows results estimated using a flexible linear specification, 3 shows results estimated using a flexible quadratic polynomial specification, and Table 4 shows results estimated using Calonico et al. (2014) 's bandwidth selection procedure and local linear regression around the cuto↵. Results using Calonico et al. (2014) 's procedure include a di↵erent sample than the others as the bandwidth selection does not rely on a given bandwidth. All three tables share the same set of columns, where each column represents a dependent variable.
Results
According to the first column, eligible male heads are 8%-10% more likely to receive a government pension, and are roughly 4% less likely to be employed. The point estimates for labor force participation are similar to those for employment. These estimates represent "sharp" RD estimates and form the first stage and reduced form, respectively, for the "fuzzy" RD estimates presented in columns 4 and 5. These estimates assume that instead of eligibility, receipt of the government pension is the proper assignment variable and increases in probability on the right side of the age cuto↵. The estimates are quite sizable: across all model specifications, they imply that those male heads receiving government pensions are about 45% more likely to report not working. Again, estimates for labor force participation are similar.
In addition to the numerical estimates shown in the above tables, I also show graphical evidence of the discontinuity in Figures 1, 2 , and 3. Each figure shows monthly bin averages of the variable on the y-axis plotted against the relevant positive or negative age bin around the cuto↵. Figure 1 displays the probability of receiving a government pension against age, and figures 2 and 3 display the probability of reporting employment and labor force participation, respectively. Linear and quadratic polynomials for both sides of the cuto↵ are also transposed, however they are not drastically di↵erent and virtually lie on top of each other in Figures 2 and 3 . Overall, the discontinuity in the three main variables of interest appears visually evident.
Factors Determining the Behavioral Response
Based on the regression discontinuity estimates in the previous section, a large fraction of individuals seem to stop working based upon the timing of the receipt of a large income change. Without other information, this behavior seems peculiar since the results of Friedman (1957) and Macurdy (1981) , in which the optimal response (in either labor supply, if leisure is part of the utility function, or material consumption) to an anticipated change in income (part of the unchanging "permanent income") should not be contemporaneous with the timing of the change in income.
In this section, I explore potential reasons for why this phenomenon might be happening. My analysis focuses heavily on the most obvious candidate: credit constraints. I also include a brief discussion on retirement savings behavior. In the final part of this section, I identify demographic groups most likely to be credit constrained via formal and informal channels, and I show labor supply responses to the pension receipt in these groups.
Credit Constraints
Perhaps the most obvious reason why individuals appear to retire upon receipt of the funds is that they are credit constrained. In the standard model of dynamic labor supply over the lifetime Macurdy (1981) , changes in labor supply that are concurrent with changes in income must be due to either the change in income being unexpected or an ability to redistribute future income over previous time periods which is usually accomplished via credit constraints. Of course, I cannot rule out that some individuals may simply not know about the pension program ahead of time, but given that (1) the program has been publicly addressed several times by politicians and (2) that the average life expectancy of Brazilians is around 70 years and hence most rational agents would be aware of any means of old-age support within a decade of their expected death, I do not consider that the program represents an unexpected income "shock." Additionally, the policy application of my results intends to explore what could potentially happen in other old-age social insurance systems, and the incidence of elderly workers simply not knowing about generous government benefits is not widely considered.
It is worth discussing exactly what I mean by credit constraints. In this paper, I will refer to credit constraints as constraints on those who want to borrow but are excluded from borrowing at an interest rate they would be willing to pay. I do not assume that those who want to save are barred from doing so; however, I do not believe savings to be a complicating factor.
Di↵erences in Labor Supply Responses
To determine if the response to pension eligibility di↵ers by household composition, I group each household head according to his secondary education level and according to whether or not he lives alone. I then examine the behavior responses using methods similar to those I use above. Overall, my results are suggestive that those who live alone are more reactive to the pensions. Tables 5 and 6 show separate results for both men who live alone and men who live in households with others. Men who live alone are over 80% likely to leave the workforce and labor force, upon receipt of the old age pension, compared to roughly 40% of men who live with at least one other individual. Both estimates are precisely estimated in all specifications, and are significantly di↵erent than each other. 6 A Model of Retirement "Bunching" Under Credit Constraints
Brief Description
This section describes an intuitive model in which workers choose consumption and when to retire facing an expected pension against which they are unable to borrow 3 . The model provides a rational decision-making framework which predicts the bunching evident in the data. Specifically, even The relaxation of the assumption of a total borrowing constraint to a parameterized borrowing constraint does not change the intuition behind or the conclusion of the model substantially.
in the face of no explicit incentive to retire, retiring at the age of eligibility becomes the optimal choice for more and more individuals as the size of the pension increases.
Suppose workers di↵er in the dimension of how they value leisure, and are the same otherwise. Workers value leisure at ⌫ it = ↵ i + µ ⇤ age and retirement is assumed to be irreversible. Specifically, retiring at age X provides utility P T t=X ↵ i + µt. Workers maximize lifetime (log) utility, choosing consumption c and retirement age N facing a pension eligibility age ofN . They earn y for every period of labor and receive d as a pension after ageN . They can choose to retire at age N before, after, or at the age of eligibility,N , and pick the age which provides the highest lifetime utility. For simplicity and clarity, I assume no time-discounting, and an interest rate of 0 for all borrowing and lending.
The worker's general lifetime utility maximization problem can be thought of:
where c pre (t) represents consumption before retirement, and c post (t) represents consumption after retirement.
Optimal consumption for workers results in an attempt to consume the same in every period. Maximizing lifetime utility with respect to retirement age N implies the following condition:
This condition states that the marginal benefit of working one more period in the form of additional consumption must be equal to the value of one more time-unit of leisure. Note that the decision to work an additional period depends only on the return to working (i.e. income and the disutility of labor) and not on the size of the pension or other factors.
The model predicts that optimal retirement atN becomes the optimal choice for a range of disutility values as pension amount d increases. This is explained in more detail in the following section.
Maximization and Bunching
Recall that the worker's choices of when to retire can be classified into 3 "types": N , then let N ⇤ = N ⇤R ; these can be thought of the pre-eligibility optimal retirement age and the post-eligibility optimal retirement age. Note that if the worker chooses to retire beforeN , he will have to save for the gap of (N N ⇤L ), and if he chooses to retire afterN , then he will smooth the additional income for the period that he is working and receiving the pension for a combined income of y + d.
where
Also, if N ⇤ = N ⇤R , then it follows that is the solution of the problem
In both cases, the necessary conditions for optimization remain the same: workers attempt to smooth consumption across all periods as much as possible, and equate the marginal value of working with the value of one time-unit of leisure, as in equation (8). Figures illustrating these problems are (4) and (5), for the pre-eligibility problem and the post-eligibility problem, respectively.
Payo↵s are written below: 
and these bounds increase in d, indicating that the larger the pension, the larger the range of ↵ i that satisfy this condition (hence, bunching occurs at larger d's). A proof is available in the appendix.
Brief Applications
The model I develop in the previous section is useful not only in explaining the bunching phenomenon, but also has applications in predicting economic behavior. In this section, I describe how the model I have developed can be used to firstly provide an estimate of the value of leisure (or the disutility of leisure) and secondly to provide an estimate of elderly aggregate labor supply.
Welfare Estimates
Note that a direct implication of this model is that the value of a year leisure for those who retire at the age of eligibility is bounded above and below by the aforementioned bounds. Therefore, given the value of pension d, the wage y along with institutional parameters such asN and life expectancy T , an individual (and aggregate) estimate of the value of leisure for elderly workers is available. The functions shown in figure 6 are correspondences between chosen retirement ages and the value of leisure, conditional on the value of the pension.
However, the degree of bunching at the age of eligibility taken in conjunction with estimates for the utility that should induce such bunching can be used to back out the underlying welfare function. Assuming a distribution of values of the disutility of labor across eligible workers and knowledge of average wages and pension payments, a bounding exercise (of aggregate welfare measures) can be performed.
Admittedly, any welfare exercise must take into account a considerable number of assumptions, and there are also not simple solutions for these bounds. I only seek to explain here that there are welfare implications to be drawn from this model, and a parameter of interest, specifically the disutility to an elderly worker of providing a year's worth of labor, can be estimated taking the model into account. Such a parameter may be of great interest to policy-makers attempting to incentivize the elderly to remain in the workforce.
Pensions and (Aggregate) Elderly Labor Force Participation
Of interest to policy-makers is how elderly labor force participation may change in response to financial incentives to retire. If a significant portion of the funding for the pension program comes from payroll tax contributions, such information may be particularly useful to policy-makers concerned with pay-as-you-go (PAYG) funding situations.
Assuming uniform and normal distributions of the value of leisure across the elderly population, a plot of the fraction of workers working at or past age 65 shown against the generosity of the pension d in figures 7 and 8. These figures also include separate plots of the fraction of workers working past age 65 and the fraction of workers working at age 65. These are equivalent to the cumulative density of workers over age 65 as a function of the pension generosity. These plots serve to highlight the information communicated in figure 6 about the distribution of elderly employment.
Note that there is considerable reshu✏ing of the elderly workforce as a result of pension generosity -as shown in 6, the distribution of the elderly workforce tends to shift "right" toward the age of eligibility. Note that as the replacement rate grows, the elderly employment rate drops -a larger replacement pushes individuals toward picking N ⇤L . However, at a su ciently high replacement rate, the elderly employment rate levels o↵ after it becomes optimal for all workers to retire upon reaching eligibility (and not earlier).
This exercise is done to highlight a central mechanism I outline in this paper -the notion that pension generosity, over and above the existence of credit constraints, can substantially incentivize retirement, yet also generate predictable variation in retirement ages.
Conclusion
This paper identifies a large behavioral response to pension eligibility that is associated with an increase in an individual's flow income. Because the pension is anticipated, a contemporaneous behavioral response should only occur in the face of credit-constraints. I find that the e↵ect is substantially larger among individuals more likely to be credit constrained, and in particular, single males who live without the availability of informal credit access through additional household members. While the results do necessitate credit constraints, I argue that credit constraints alone are not enough to explain the sharp degree of bunching evident in the data. Specifically, I provide a model whereby extreme pension generosity including replacement rates of more than 100%, as is common in Brazil, can result in a point mass of individuals choosing to retire upon reaching the age of eligibility.
My results are the first to document a contemporaneous behavioral response to pension eligibility at the monthly frequency -prior studies largely identify upticks in retirement at age groups but do not make finer distinctions than that. Moreover, I identify that the composition of households can a↵ect the propensity to react to pension eligibility, which to my knowledge has not been documented in the literature. Finally, I propose a novel model which shows that the generosity of the pension can explain the bunching we see over and above the existence of credit constraints. I plan to use this model in future work to examine the welfare consequences in a more in-depth manner.
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and the payo↵ to picking N ⇤ =N is
it follows that
and also that
These statements are also equivalent, respectively, to
Intuitively, in order for the choice ofN to be optimal, the value of leisure must be high enough to compensate the worker for the increase in lifetime consumption he will gain from working for additional periods, however, it must not be so high as to prevent him from pickingN over retiring earlier.
These two inequalities result in the bound
The task now is to show that @UB @d >= 0 and @LB @d < 0. First note that by consumption smoothing, c M 1 and c M 2 depend completely on parameters. Specifically,
Intuitively, if the pension is outweighed by the wage, then workers are able and willing to completely smooth consumption by consuming a weighed average of the pension and the wage, with weights corresponding to the fraction of their lives spent "earning" each. However, if the pension outweighs the wage, then a worker is unable to smooth, however he comes as close as possible by consuming the most he can prior to eligibility -his wage.
by virtue of the budget constraint. Now, consider that N ⇤L satisfies the equality
Because UB is an increasing function of both N ⇤L and ln
by virtue of the budget constraint, and also that N ⇤R satisfies the equality
To see this, consider that equation can be reorganized to form an equation in which the left side of the equation is increasing in both d and N ⇤L , and the right side is constant.
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To see this, consider that UB can be simplified to T ln
, as the same amount is consumed in every period.
Further, note that @c M @d = T N T as above, and that 0
< 0 -the denominator grows faster than the numerator as d increases, whereas before the numerator grew faster than the denominator. Now, LB is a decreasing function of N ⇤R and ln
, so it follows that as d increases, LB decreases, expanding the bounds.
Case 2 (d>y): In the case of a larger pension value, the worker will be willing, but not able to consume the same amount in every period. In this sense, he reaches a "corner" solution as his consumption either pre-eligibility or post-eligibility is determined by either the wage or the pension amount. If he chooses to retire before eligibility, it follows that
If he chooses to retire after eligibility, it follows that c R 1 = y and c R 2 = c R 3 = c R post . However, the first order condition with respect to N does not change and instead becomes The model used to produce these optimal choices assumes log utility and that workers are unable to borrow any of the pension before becoming eligible. As mentioned, the future is not discounted and a real interest rate of 0 is used. The model used to produce these optimal choices assumes log utility and that workers are unable to borrow any of the pension before becoming eligible. As mentioned, the future is not discounted and a real interest rate of 0 is used. The model used to produce these optimal choices assumes log utility and that workers are unable to borrow any of the pension before becoming eligible. As mentioned, the future is not discounted and a real interest rate of 0 is used. Sample restricted to those that fall below the median real monthly wage (in year 2000 BRL) of the PNAD.
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